We have investigated the ability of Sfcaspase-1 and two mammalian caspases, caspase-1 and caspase-3, to induce apoptosis in Spodoptera frugiperda Sf-21 insect cells. While the transient expression of the pro-Sfcaspase-1 did not induce apoptosis, expression of the prodomain deleted form, p31, or coexpression of the two subunits of mature Sf-caspase-1, p19 and p12, induced apoptosis in Sf-21 cells. The behavior of Sf-caspase-1 resembled that of the closely related mammalian caspase, caspase-3, and contrasted with that of the mammalian caspase-1, the pro-form of which was active in inducing apoptosis in Sf-21 cells. The baculovirus caspase inhibitor P35 blocked apoptosis induced by active forms of all three caspases. In contrast, members of the baculovirus inhibitor of apoptosis (IAP) family failed to block active caspase-induced apoptosis. However, during viral infection, expression of OpIAP or CpIAP blocked the activation of pro-Sf-caspase-1 and the associated induction of apoptosis. Thus, the mechanism by which baculovirus IAPs inhibit apoptosis is distinct from the mechanism by which P35 blocks apoptosis and involves inhibition of the activation of procaspases like Sf-caspase-1.
Apoptosis or programmed cell death is a genetically regulated cell suicide program that plays an important role during normal development, tissue homeostasis, and disease processes of metazoans (1) (2) (3) . Apoptosis also serves as an important defense strategy employed by host cells against viral invasion (4) . In turn, viruses have evolved mechanisms to block the defense-by-death response of host cells. The baculovirus Autographa californica nuclear polyhedrosis virus (AcMNPV) was one of the first viruses known to induce and inhibit apoptosis (5) . Infection of Spodoptera frugiperda Sf-21 cells with the wild-type (wt) AcMNPV results in the production of both budded virus and occluded virus (6) . In contrast, infection with an AcMNPV mutant lacking the P35 gene results in induction of apoptosis with limited budded virus production and no occluded virus production (7) . Virus-induced apoptosis involves the activation of caspases, an aspartate-specific cysteine protease family of pro-apoptotic proteins that play a central role in the evolutionarily conserved apoptotic pathway (8) . The caspases are synthesized as proenzymes that can be activated either by autoprocessing or by other family members or by other proteases (e.g., granzyme B) involved in induction of apoptosis. Recently, Sf-caspase-1, a caspase from S. frugiperda cells implicated in the virus-induced apoptosis, has been described (9) . Mammals possess at least 10 different caspases, caspase-1-10, that can be subdivided into three subfamilies based on their sequence similarities. Caspase-1, also known as interleukin-1␤ converting enzyme (ICE), is the founding member of the family and belongs to a different subfamily than caspase-3. Caspase-3 is the mammalian caspase most closely related to CED-3, a nematode caspase that is a central component of the cell death pathway in developing nematodes, and genetic evidence substantiates a role for caspase-3 in apoptosis (10) .
P35, a general caspase inhibitor, serves to inhibit virusinduced caspase activity (11) (12) (13) and thereby blocks apoptosis (5, 7, 11, 14, 15) . In addition, ectopic expression of P35 is known to block apoptosis induced by diverse signals in both vertebrates and other invertebrates (5, 7, 15) .
The inhibitors of apoptosis (IAPs) were first identified in a genetic screen for baculovirus genes that can complement the loss of the p35 gene and block apoptosis induced by p35 mutants of AcMNPV (7) . Op-IAP (16) and Cp-IAP (17) also block apoptosis in Sf-21 cells induced with actinomycin D (14, 16, 17) , Reaper (RPR) expression (18, 19) , or UV treatment (20) . These baculovirus IAPs also exhibit some anti-apoptotic activity in other types of cells; Op-IAP partially blocks apoptosis induced by overexpression of caspase-1 or FADD (Fas-associating protein with a death domain) in HeLa cells (21, 22) and Cp-IAP is partially effective in blocking apoptosis induced by overexpression of RPR in the developing eye of Drosophila (18) . The baculovirus IAPs, OpIAP and CpIAP, physically interact with and block the pro-apoptotic activity of Drosophila RPR (19) and Doom (23) in Sf-21 cells. Cellular homologs of IAPs that show anti-apoptotic activity have also been described in mammals and Drosophila (24) . Like the baculovirus IAPs, the mammalian IAPs block apoptosis in response to different stimuli (25) . The mammalian xIAP inhibits the activity of caspase-3 and caspase-7 in vitro (26) . Although, recent studies place the baculovirus IAPs at or upstream of P35 (20) in the apoptotic pathway, the mechanism by which the baculovirus IAPs block virus-induced apoptosis is currently not known.
In this study we show that baculovirus infection activates the processing of Sf-caspase-1, and that the IAPs, but not P35, are able to effectively block the activation of pro-Sf-caspase-1. This caspase, like mammalian caspase-3, is inactive when expressed in its pro-form in Sf-21 cells. P35 but not IAPs were able to block apoptosis induced by the active form of these proteases. Thus, the mechanism by which IAPs block apoptosis is distinct from P35 and involves the inhibition of caspase processing.
Wild-type (wt) AcMNPV strain L-1 (28) and the previously described recombinant viruses vOPIAPR-11 (16) and vASB6-1 (17) , expressing OpIAP and CpIAP, respectively, were propagated in Sf-21 cells. Virus vP35del containing a deletion in the P35 gene was propagated in TN-368 cells (14) .
Plasmid Constructs. Plasmid pHSP70PLVIϩCAT, contains the cat gene encoding chloramphenicol acetyltransferase (CAT) under the control of Drosophila 70-kDa heat-shock protein (hsp70) promoter (14) . All plasmids used in transient expression assays were derived by replacing cat in pHSP70PLVIϩCAT with other coding sequences. Plasmids pHSc-Epi-pro-Sf-Casp-1, pHSc-Epi-Sf-Casp-1p31, pHSSfCasp-1p19, and pHSc-Epi-Sf-casp-1p12 contain a BglII-EcoRI fragment encoding the Sf-caspase-1 proenzyme (35-kDa form) (9), the prodomain deleted form p31 (residues 29-299), the larger subunit p19 (residues 29-184), and the smaller subunit p12 (residues 185-299), respectively. The Sf-caspase-1 proenzyme, the p31 form, and the p12 coding sequences contain HA.11 epitope (YPYDVPDYA) and His 6 tags as C-terminal fusions. In other pHSP70PLVIϩCAT-based plasmids, cat was replaced with the following: in pHSPCR-ICE45VIϩ, a PCRderived BglII-EcoRI fragment coding for the mammalian pro-caspase-1 (p45) (29) ; in pHSP70PLVIϩICE32 a 0.8 kb sequence coding for the caspase-1 p32 (residues 120-404); in pHSICE20VIϩ a SpeI-NotI fragment encoding the caspase-1 p20 subunit (residues 120-297); in pHSICE10VIϩ a BglIIEcoRI fragment coding for the caspase-1 p10 subunit (residues 317-404); in pHSP70CPP32␤VIϩ a SpeI-NotI fragment coding for the mammalian pro-caspase-3 p32 form (30) ; in pHSCPP29␤VIϩ a BglII-EcoRI fragment coding for the caspase-3 p29 (residues 29-277); in pHSCPP17␤VIϩ a BglIIEcoRI fragment encoding the caspase-3 p17 subunit (residues 29-175); and in pHSCPP12␤VIϩ a BglII-EcoRI fragment encoding the caspase-3 p12 subunit (residues 176-277). Plasmids pHSP35VIϩ, pHSOpIAPVIϩ, pHSCpIAPVIϩ, pHSAcIAPVIϩ, pHSAd19KVIϩ, pHSBcl-2VIϩ, pHSP70CrmAVIϩ, pHSP70Bcl-X L VIϩ, and pHSced-9VIϩ were described (14, 19) . Plasmid pKVEpihisCPP32␤ contains N-terminal HA.11-and His 6 -tagged pro-caspase-3 under the control of the T7 promoter in a previously described vector pKV (11) .
DNA Fragmentation and Viability Assay. Sf-21 cells (0.5 ϫ 10 6 per 35-mm diameter tissue culture dish) were transfected with 0.5 g of indicated plasmids using Lipofectin (GIBCO͞ BRL). Cells were heat-shocked in a 42°C water bath for 30 min beginning at 16 h posttransfection. Viable cells excluding trypan blue were counted at 10-12 h after heat-shock administration as described (14) . For DNA fragmentation, cells were collected at 10 h after heat-shock and processed as described (14) .
In Vitro Transcription͞Translation of Pro-Caspase-3. Coupled transcription͞translation was performed with the T7 polymerase and rabbit reticulocyte lysate kit (Promega), with pKVEpihisCPP32␤ as template, according to the manufacturer's instructions. The in vitro translated 35 S-labeled procaspase-3 was purified sequentially on DEAE-Sepharose and Ni 2ϩ -resin columns as described (31) .
Cell Extract Preparation. Sf-21 cells (2 ϫ 10 6 per 60-mm diameter tissue culture dish) were treated either with actinomycin D (1 g͞ml) for 12 h or infected with wt AcMNPV or vP35del, a p35 mutant of AcMNPV, at a multiplicity of infection of 10 plaque-forming units for 24 h. The cells were resuspended in lysis buffer (10 mM Hepes, pH 7.0͞2 mM EDTA͞0.1% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate͞5 mM DTT) and subjected to three freezethaw cycles. Cell lysates were then clarified by centrifugation and aliquots of the supernatant were stored at Ϫ80°C.
In Vitro Activation Assay. Purified pro-caspase-3 (5 l) was incubated with the cell extracts at 37°C for 8 h in reaction buffer (50 mM Hepes, pH 7.4͞0.1M NaCl͞0.1% 3-[(3-cholamidopropyl)dimethylammonio]-1-propanesulfonate͞ 10% sucrose) supplemented with 10 mM DTT. The samples were then mixed with SDS-sample buffer (2% SDS͞62.5 mM Tris⅐HCl, pH 6.7͞15% glycerol͞1% 2-mercaptoethanol͞ 0.001% Bromophenol blue) and were resolved on a SDS͞12% polyacrylamide gel and visualized using a PhosphorImager (Molecular Dynamics).
Sf-Capase-1 Activation and Western Blot Analysis. Sf-21 cells (0.5 ϫ 10 6 ) were transfected with 1.5 g of plasmid, pHSc-Epi-pro-Sf-Casp-1 as described above. At 14 h after transfection the cells were heat shocked for 30 min at 42°C. At 4 h after heat shock administration the cells were infected with different viruses at a total multiplicity of infection of 20. In treatments involving coinfections, a multiplicity of infection of 10 for each virus was used maintaining a total multiplicity of infection of 20. Samples were collected at various times indicated. The cells were then lysed in SDS sample buffer and equal volume representing the same cell number were resolved on a SDS͞10% polyacrylamide gel. The resolved proteins were then blotted on to a polyvinylidene difluoride membranes (Millipore). The membranes were blocked and incubated with anti-HA.11 mouse IgG (Babco, Richmond, CA), followed by anti-mouse IgG conjugated to horse radish peroxidase. Immunoreactive proteins were visualized with the Enhanced Chemiluminescence Western Blotting System (Amersham).
RESULTS AND DISCUSSION
Pro-Sf-Caspase-1 and the Mammalian Pro-Caspase-3 Do Not Induce Apoptosis in Sf-21 Cells. Infection of Sf-21 cells with a P35 mutant of the baculovirus AcMNPV results in apoptosis (5, 11) , which is mediated through activation of a caspase activity that is inhibitable by P35 (13) . Sf-caspase-1 may be responsible for induction of apoptosis during AcMNPV infection since over expression of the pro-enzyme form during AcMNPV infection results in the induction of apoptosis (9) . However, since Sf-21 cells do not require additional protein or RNA synthesis to undergo apoptosis (14) , one would predict that the caspase that mediates the apoptotic response probably exists as an inactive zymogen that is activated upon viral infection. To determine if pro-Sf-caspase-1 (35-kDa form) initiates apoptosis in Sf-21 cells in the absence of virus infection, we transiently expressed pro-Sf-caspase-1 under the control of the Drosophila hsp70 promoter (see Materials and Methods). Expression from the plasmid was induced by heatshock, a procedure that does not induce apoptosis in Sf-21 cells (e.g., see Fig. 1A , lane 1). Under these conditions, pro-Sfcaspase-1 failed to induce apoptosis as evidenced by the absence of DNA laddering ( Fig. 1 A, lane 2) , the absence of membrane blebbing, and the absence of apoptotic bodies (data not shown), all of which are characteristic of apoptosis in Sf-21 cells (5). However, transient expression of the prodomaindeleted form of Sf-caspase-1, p31, induced membrane blebbing, apoptotic body formation (data not shown), and DNA laddering ( Fig. 1 A, lane 3) . While expression of either one of the active subunits of Sf-caspase-1, p19 or p12, failed to induce apoptosis ( Fig. 1 A lanes 5 and 6) , the combined expression of both p19 and p12, induced apoptosis with characteristics similar to those observed for p31 ( Fig. 1 A, lane 4) .
Transient expression of the different forms of the closely related mammalian homolog caspase-3 resulted in a similar pattern of apoptosis in Sf-21 cells. Expression of pro-caspase-3 (p32) failed to induce apoptosis (Fig. 1B, lane 1) while expression of caspase-3 lacking the pro-domain (p29) induced apoptosis (Fig. 1B, lane 2) . Coexpression of the two subunits of the active caspase-3, p17 and p12, induced higher levels of apoptosis compared with p29 (Fig. 1B, lane 3) while expression of p17 or p12 individually did not induce apoptosis (Fig. 1B,  lanes 4, 5) . The ability of the pro-domain deleted forms of Sf-caspase-1 and mammalian caspase-3 to induce apoptosis suggests that the prodomain is a negative regulator of enzyme activity under these conditions. Although our data demonstrate that pro-caspase-3 did not induce apoptosis in uninfected cells (Fig. 1B) , previous studies showed that over-expression of pro-caspase-3 in the context of a baculovirus expression vector induces apoptosis in Sf-9 cells (a clonal derivative of Sf-21) (32). To explore the basis for this difference in cellular response to pro-caspase-3 expression, we tested whether extracts from infected and uninfected Sf-21 cells differ in their ability to proteolytically process procaspase-3 to its subunit forms. When incubated with cell extracts derived from Sf-21 cells infected with a p35 mutant baculovirus (vP35del) that induces apoptosis during viral infection, the 32 kDa pro-caspase-3 was processed into fragments corresponding to p29, p20 (a previously described pro-caspase-3-derived product; ref. 33) , and p12 subunit of the active enzyme (Fig. 1C, lane 3) (30) . Extracts derived from Sf-21 cells induced to undergo apoptosis by treatment with actinomycin D also processed pro-caspase-3 to p29, p20, p17, and p12 products (Fig. 1C, lane 2) . This processing activity was not detected in extracts derived from mock-infected (Fig. 1C,  lane 4) or wt virus-infected cells (Fig. 1, lane 1) . The inability of the extracts from wt virus-infected Sf-21 cells to process pro-caspase-3 can be attributed to the expression of the caspase inhibitor P35 during infection.
In contrast to Sf-caspase-1 and mammalian caspase-3, expression of the proenzyme form of the mammalian caspase-1 (p45) induced apoptosis in Sf-21 cells (Fig. 1D, lane 2) suggesting an unregulated autocatalytic mechanism of activation of this zymogen. Sf-21 cells transfected with a plasmid expressing a form of caspase-1 lacking the pro-domain (p32), or cotransfected with plasmids expressing the two active caspase-1 subunits (p20 and p10), also induced apoptosis (Fig.  1D, lanes 3, 4) . Transient expression of either the p20 or p10 alone did not induce apoptosis (Fig. 1D, lanes 5 and 6) as expected.
Baculovirus IAPs Do Not Block Active Caspase-Induced Apoptosis. Although P35 is known to be a stoichiometric inhibitor of a variety of caspases (11), the ability of baculovirus anti-apoptotic genes Op-iap and Cp-iap to block caspase activity in Sf-21 cells has not been examined. We therefore tested whether these anti-apoptotic genes could block apoptosis induced by active caspases in vivo. P35, OpIAP, CpIAP, and AcIAP, an AcMNPV IAP homolog with no known function (14, 16) , were coexpressed with the active caspases and the transfected cells were observed for signs of apoptosis. P35 served as a positive control for inhibition of caspase-induced apoptosis, while the cat gene served as a negative control.
Coexpression of the two subunits, p19 and p12, of the active Sf-caspase-1 with cat induced apoptosis in Ϸ40% of Sf-21 cells (Fig. 2A) . As expected, coexpression of P35 with the active Sf-caspase-1 subunits resulted in a 4-to 5-fold reduction in levels of apoptosis compared with the cat control (Fig. 2 A) . However, the expression of OpIAP or CpIAP failed to block the active Sf-caspase-1-induced apoptosis (Fig. 2 A) . The activity of OpIAP and CpIAP from the same expression construct used in these experiments was confirmed by their ability to block actinomycin D-and RPR-induced apoptosis as reported previously (14, 19) (data not shown). The AcMNPV homolog AcIAP was also unable to block active Sf-caspase-1 induced apoptosis consistent with its inability to block apoptosis induced by virus infection or actinomycin D treatment. We additionally tested the cowpox virus CrmA, a selective caspase inhibitor, and several anti-apoptotic Bcl-2 family of death regulators for their ability to block active Sf-caspase-1 induced apoptosis. We found that the coexpression of CrmA or Bcl-2 family members failed to block apoptosis induced by active Sf-caspase-1-induced apoptosis (Fig. 2 A) . The expression of Bcl-2, Bcl-x L , CED-9, and E1B19K from these plasmids in Sf-21 cells has been verified elsewhere in similar experiments (14, 19, 34) .
We also tested the ability of the P35, IAPs, CrmA, and Bcl-2-family members to block apoptosis induced by coexpression of p17 and p12 subunits of caspase-3 in Sf-21 cells. Like the closely related Sf-casapse-1, apoptosis induced by the active form of caspase-3 was inhibited only by coexpression with P35 (Fig. 2B) . The IAPs, CrmA, and Bcl-2 family members were not effective in blocking the active caspase-3 induced apoptosis (Fig. 2B ).
Additionally, we tested various anti-apoptotic genes for activity against pro-caspase-1-induced apoptosis. P35 was an effective inhibitor of pro-caspase-1 induced apoptosis. Consistent with its strong inhibitory activity against caspase-1 in vitro, CrmA was also effective in blocking pro-caspase-1-induced apoptosis in Sf-21 cells (Fig. 2C) . However, expression of IAPs did not block pro-caspase-1-induced apoptosis suggesting that the IAPs were unable to block the autocatalytic activation of the unregulated pro-caspase-1 in Sf-21 cells. As observed with active Sf-caspase-1 and mammalian caspase-3, all the Bcl-2 family members tested were ineffective against pro-caspase-1-induced apoptosis (Fig. 2C) .
Although Cp-IAP and human IAPs have been reported to inhibit apoptosis induced by pro-caspase-1 and caspase-1p32 in some mammalian cells (21, 22) , we found that the baculovirusderived IAPs-OpIAP, CpIAP, and AcIAP-were unable to block any of the active caspases in Sf-21 cells. The ability of IAPs to block apoptosis in a given cell type is possibly influenced by the types of caspases present in these cells and the presence or nature of their regulators. Because Sf-21 cells are poised to undergo apoptosis in the absence of additional protein or RNA synthesis, their behavior may be more easily interpreted than many other cell lines. The inactive nature of pro-Sf-caspase-1, the ability of the active enzyme to induce apoptosis and the ability of P35 to inhibit Sf-caspase-1-induced apoptosis support the function of this caspase in the virusinduced apoptotic pathway in Sf cells. The inability Op-iap and Cp-iap to block active Sf-caspase-1 induced apoptosis, but their ability to block apoptosis induced by other inducers like actinomyin D (14) , RPR (19) , Doom (23) , or viral infection (7, 14) suggests that these viral IAPs may function by blocking the activation of Sf-caspase-1.
OpIAP and CpIAP Block Activation of Sf-Caspase-1 during Baculovirus Infection. To test if viral IAPs can block the activation of Sf-caspase-1, we transfected Sf-21 cells with pro-Sf-caspase-1 and then studied the activation of the caspase FIG. 2. Baculovirus IAPs do not block active caspase-induced apoptosis. Sf-21 cells were cotransfected with plasmids expressing the active subunits of Sf-caspase-1 (p19 ϩ p12) (A), the active subunits of mammalian caspase-3 (p17 ϩ p12) (B), or the zymogen form of mammalian pro-caspase-1 (p45) (C), and a plasmid expressing one of the following as indicated in the figure: CAT, P35, CrmA, OpIAP, CpIAP, AcIAP, Bcl-2, Bcl-xL, E1B19K, or CED-9. Apoptosis was quantitated as described in Material and Methods. The results presented are relative to viability of cells transfected with cat-expressing plasmid alone (not shown) set at 100%. Bars ϭ SD of at least two independent experiments, each with two replications. (Fig. 3A , data not shown). Infection with wt virus in the absence of transiently expressed pro-Sf-caspase-1 did not induce apoptosis as expected (Fig. 3B) . In contrast, infection of Sf-21 cells transiently expressing pro-Sf-caspase-1 with wt resulted in membrane blebbing and apoptotic body formation beginning at 12 h and continuing through 24 h after infection (Fig. 3D and data not shown). Although, wt AcMNPV expresses the caspase inhibitor P35, apoptosis observed in infections with the wt virus in Sf-21 cells transiently expressing Sf-capase-1 is probably due to limiting levels of P35 that are normally sufficient to block endogenous Sf-caspase-1. In Sf-21 cells transiently expressing an active site mutant (Cys-178 changed to Ala) of Sf-caspase-1, infection with wt virus did not induce apoptosis (Fig. 3C ). This indicates that the apoptosis induced by wt virus was due to the activation of the pro-Sf-caspase-1 and was dependent on the proteolytic activity of the Sf-caspase-1. Infection of Sf-21 cells with a P35 mutant AcMNPV, vP35del, induces apoptosis (5). In Sf-21 cells, transiently expressing pro-Sf-caspase-1, infection with vP35del results in widespread apoptosis from 12 h after infection through 24 h after infection (Fig. 3E) . As observed in infections involving either vP35del or wt virus alone, coinfection with vP35del and wt virus-induced apoptosis in Sf-21 cells expressing Sfcaspase-1 (Fig. 3F) .
FIG. 3. IAP-expressing viruses block virus-initiated apoptosis in
In contrast, infection of Sf-21 cells expressing Sf-caspase-1 with viruses expressing OpIAP or CpIAP did not induce apoptosis at any of the time points observed (Fig. 3 G and H and data not shown). Similarly, coinfection of wt virus with OpIAP or CpIAP did not induce apoptosis indicating that the IAPs could act in trans to block apoptosis induced by wt virus infection. These results are consistent with the possibilty that the viral IAPs prevent apoptosis by blocking the activation of Sf-caspase-1 during viral infection.
To determine whether pro-Sf-caspase-1 was being processed to its active subunits, we examined lysates of infected cells transiently expressing an epitope-tagged version of pro-Sfcaspase-1. The presence of an epitope tag on the C terminus of the pro-Sf-caspase-1 allowed the detection of the zymogen (pro-form) and the smaller subunit (p12) of the active enzyme. As expected, the pro-Sf-caspase-1 was not processed in mockinfected cells (Fig. 4A) . However, infection with wt virus resulted in processing of the pro-Sf-caspase into its p12 subunit by 12 h after infection and caused a significant decline in the levels of the pro-form by 30 h postinfection (Fig. 4B) . This is consistent with the observation that wt virus induces apoptosis under these conditions (Fig. 3D) .
Infection of Sf-21 cells expressing the pro-Sf-caspase-1 with vP35del induced wide-spread apoptosis, as expected (Fig. 3E) . However, only low levels of the p12 subunit were observed under these conditions (longer exposures of the immunoblot revealed a significant presence of the p12 subunit; Fig. 4C and data not shown). This we attribute to the absence of P35 that forms stable complexes with caspases (11) and could stabilize the caspase subunits. We tested this by coinfecting Sf-21 cells with wt and vP35del viruses. As predicted, the coinfection with both the wt and vP35del viruses resulted in the stabilization of the p12 subunit of the active Sf-caspase-1 beginning at 12 h after infection (Fig. 4D) .
We then determined whether infection of Sf-21 cells transiently expressing pro-Sf-caspase-1 with recombinant viruses expressing anti-apoptotic IAPs could block the activation of the Sf-caspase-1. Infection with either vOPIAPR-11 or vASB6-1, which express OpIAP and CpIAP, respectively, did not result in processing of the caspase; only very low levels of the p12 subunit of the pro-Sf-caspase-1 were observed. (Fig. 4  E and F) . This correlated with the absence of apoptosis in these cells (Fig. 3 G and H) . However, these viruses lack P35 so we tested if the IAP expressing viruses could block the pro-Sfcaspase-1 processing observed in the presence of P35 during wt infection. Coinfection of the Sf-21 cells expressing pro-Sfcaspase-1 with the wt virus and either vOpIAPR-11 or vASB6-1 prevented the processing of the caspase and the appearance of the p12 subunit (Fig. 4 compare G and H with  B or D) . Although a small amount of processed p12 subunit was observed at 30 h in coinfections with wt and vOPIAPR-11 or vASB6-1, no apoptosis was observed in these cells even at 30 h and Ͼ95% of the cells contained occluded virus indicating the normal progression of infection (data not shown).
While these viral IAPs do not block the active form of Sf-caspase-1 (Fig. 2 A) there are several possible mechanisms by which IAPs block apoptosis. Human xIAP can inhibit the activity of activated mammalian caspase-3 and caspase-7 in vitro (26) . It is possible that OpIAP and CpIAP block the activity of another, yet to be defined, Sf-caspase that acts upstream of Sf-caspase-1 in the apoptotic pathway. However, viral IAPs have also been found to physically interact with cellular inducers of apoptosis such as Drosophila RPR (19) and Doom (23) and block their ability to induce apoptosis. The viral IAPs could interact with a Sf-homolog of Drosophila RPR or Doom and prevent the apoptosis-inducing signals from transducing to the downstream effectors (e.g., caspases). Our results show that, unlike P35, OpIAP and CpIAP do not block active Sf-caspase-1 but function by blocking the activation of pro-Sf-caspase-1.
